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Efficient structural characterization is important for quality control when developing novel
materials. In this study, we demonstrated the soft ionization capability of the hybrid of
immobilized silica and 2,5-dihydrobenzoic acid (DHB) on iron oxide magnetic nanoparticles in
MALDI-TOF MS with a clean background. The ratio between SiO2 and DHB was examined
and was found to affect the surface immobilization of DHB on the nanoparticle, critically
controlling the ionization efficiency and interference background. Compared with commercial
DHB, the functionalized nanoparticle-assisted MALDI-TOF MS provided superior soft ioniza-
tion with production of strong molecular ions within 5 ppm mass accuracy on a variety of new
types of synthetic materials used for solar cells, light emitting devices, dendrimers, and
glycolipids, including analytes with either thermally labile structures or poor protonation
tendencies. In addition, the enhancements of the molecular ion signal also provided high-
quality product-ion spectra allowing structural characterization and unambiguous small
molecule identification. Using this technique, the structural differences among the isomers
were distinguished through their characteristic fragment ions and comprehensive fragmenta-
tion patterns. With the advantages of long-term stability and simple sample preparation by
deposition on a regular sample plate, the use of DHB-functionalized nanoparticles combined
with high-resolution MALDI-TOF MS provides a generic platform for rapid and unambiguous
structure determination of small molecules. (J Am Soc Mass Spectrom 2010, 21, 1930–1939)
© 2010 Published by Elsevier Inc. on behalf of American Society for Mass SpectrometryNew types of organic and inorganic moleculeshaving diverse structures with unique chemi-cal, electronic, and optoelectronic properties
have demonstrated potential applications within many
fields, such as medicine, material science, biosensors,
energy devices, environmental engineering, and food
additive processing [1–3]. Effective structural character-
ization of these small molecules is critical in the pipeline
of design, synthetic strategy, and further development
of highly efficient, commercially expedient, and high-
quality materials [4, 5]. Thus, the development of an
efficient high-performance screening platform for vari-
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doi:10.1016/j.jasms.2010.08.001ous materials is important for accurate identification of
small molecular weight compounds.
Matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) has al-
lowed for a new era in the analysis of diverse molecules
because of its high sensitivity, rapid analysis, simplicity
of operation, and utility for automatic high-throughput
screening [6, 7]. For small molecule analysis, in princi-
ple, the use of MALDI-TOF MS should provide many
benefits, including high detection sensitivity, tolerance
of impurities, and simple spectra for complex samples
[1, 2, 7]. Nevertheless, many shortcomings still arise due
to the use of matrix material, causing abundant matrix-
derived interferences in the small molecular weight
region (500 Da) of the mass spectra, suppression of
analyte signals, and/or isobaric overlay with analyte
peaks in the MALDI spectra [8]. To implement MALDI-
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these drawbacks need to be eliminated.
To improve the signal of small molecules, various
matrices have been developed, such as organic [9–11],
inorganic [12], liquid [13–15], and surface-assisted de-
sorption/ionization (SALDI) matrices [16–18], as well
as matrix-free methods such as desorption/ionization
on silicon (DIOS) [19, 20], silicon nanowires (SiNW)
[21], and nanostructure-initiator mass spectrometry
(NIMS) [22]. Many nanomaterials, such as carbon nano-
tubes [23–25], gold nanoparticles (AuNPs) [26], silicon
nanoparticles [27], titanium dioxide nanoparticles
(TiO2NPs) [28], and silver nanoparticles (AgNPs) [29],
have been employed as ionization elements for small
molecules. Due to their large surface area-to-volume
ratio, these nano-sized materials provide efficient ab-
sorption and transfer of energy to the analyte and function
as laser absorption matrices to provide efficient ionization
in the MALDI-TOF MS analysis of small molecules. In a
previous report, we demonstrated the use of MALDI
matrix-functionalized magnetic Fe3O4 nanoparticles (ab-
breviated as matrix@MNP) as a background-free matrix
for drug analysis with enhanced detection performance
[30]. However, the ability of this new material to
provide soft ionization for the identification of small
molecules with diverse structures needs to be further
investigated.
The main focus of this work was to develop a generic
nanoparticle-assisted MALDI method for background-
free and high-performance MS measurements to com-
plement or to ideally outperform other MS methods for
small molecule analysis. Thus, we explored the broad
applicability of matrix@MNP as an ionization matrix for
rapid screening and identification of various categories
of small molecules with prominent, background-free,
and readily identifiable protonated ions within better
than 5 ppm mass accuracy. We also investigated the
ability of DHB@MNP to enhance the precursor-ion
signal, facilitating a more comprehensive product-ion
fragmentation pattern for the differentiation of isomeric
compounds. Finally, we also demonstrated the applica-
bility of DHB@MNP for the rapid screening of a library
of glycolipids that have low protonation ability in
MALDI-TOF MS.
Experimental
Materials
Tetraethyl orthosilicate (TEOS, Sigma, St. Louis, MO, USA),
2,5-dihydrobenzoic acid (DHB, Sigma, St. Louis, MO,
USA), and 25% ammonia solution (Acros, Morris
Plains, NJ, USA) were used as received. All analytes
were synthesized in our Institute. Analytical grade
methanol (Merck, Darmstadt, Germany), 1-propanol
(Acros) and dichloromethane (CH2Cl2) were used as
solvents without redistillation. Deionized water (Di-
rect-Q; Millipore SA, Molsheim, France) was also
used as the solvent for both the analyte and matrix.Fabrication and Characterization of DHB@MNP
The Fe3O4 MNP (30 mg) was prepared as previously
reported [30] and dispersed in 1-propanol (3 mL) by
sonication for 30 min at room temperature. Then, the
reaction mixture was treated with NH4OH (25% wt/wt,
0.35 mL), H2O (0.3 mL), and TEOS (0.085 mL), and
stirred at 55 °C for 2 h. After filtration, the black
particles (SiO2@MNP) were washed three times with
1-propanol and three times with H2O and then added to
the solution of DHB (20 mg) in H2O (1 mL) for reaction
under room temperature for 12 h. The black particles
(DHB@MNP) were obtained by centrifugation (8000
rpm, 15 min), washing by 1-propanol and H2O for three
times, and further washing with 0.01 N NaOH for 10
min. Finally, the black particles were washed by H2O
for three times to give the DHB@MNP.
The amount of DHB on the nanoparticle surface was
estimated using ultraviolet-visible spectroscopy (UV-
Vis) spectroscopy by a Gene Quant 1300 instrument
(Amersham Bioscience, Piscataway, NJ, USA). For DHB
conjugation on MNP, 70 mg of DHB (equivalent to the
amount of DHB during synthesis) and 30 mg MNP
were used. Three different amounts (90, 120, 270 mg) of
TEOS were employed because the degree of silane
polymerization on MNP can be different, thus provid-
ing different sites for DHB binding and amounts on the
nanoparticle surface. For quantitation of DHB, a series
of diluted DHB solutions was prepared to establish the
calibration curve (supporting information Figure S-1,
which can be found in the electronic version of this
article). The amount of DHB conjugated on MNP was
determined by subtracting the supernatant absorbance
at 325 nm, characteristic absorption wavelength for
aromatic and carboxylic acid functional groups of DHB,
before and after the conjugation [31]. The final densities
of DHB on MNP were 914.2 nmol/mg, 1314.5 nmol/
mg, and 1981.9 nmol/mg, when 90, 120, 270 mg of
TEOS were used, respectively. The detailed procedure
is in supporting information Table S-1.
Sample Preparation for MALDI-TOF MS
DHB@MNP (1 mg) was suspended in 0.1 mL of meth-
anol to give a 10,000 ppm stock solution, which was
further diluted with methanol to give 500 ppm for
subsequent MALDI-TOF MS acquisition. In the same
manner, the commercial DHB matrix (1 mg) was dis-
solved in 0.1 mL of methanol to yield a 10,000 ppm
stock solution and then diluted with methanol to 500
ppm as the working matrix solution. All organic and
inorganic compounds (1.0 mg) were dissolved in 0.5 mL
of methanol or dichloromethane to yield a 2 mg/mL
stock solution. From each analyte, 1.0 L sample solu-
tion of 5 g/mL was mixed with 1.0 L DHB@MNP or
commercial DHB working solution, and 1.0 L of the
resulting mixture was spotted onto the stainless steel
sample plate, air-dried, and analyzed in the MALDI-
TOF MS instrument. For the laser desorption ionization
b
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1932 M.-C. TSENG ET AL. J Am Soc Mass Spectrom 2010, 21, 1930–1939(LDI) method, 1.0 L of the analyte (5 g/mL) was
directly spotted onto the stainless steel sample plate
and analyzed by the MALDI-TOF MS instrument.
MALDI-TOF MS Analysis
MALDI-TOF MS spectra were obtained with either a
Voyager DE-PRO MALDI-TOF MS (Applied Biosys-
tems, Austin, TX, USA) equipped with a N2 laser (337
nm) or an Applied Biosystems/MDS 4800 MALDI-
TOF/TOF MS (Applied Biosystems) equipped with a
Nd-YAG laser (355 nm) with a firing rate of 200 Hz. The
spectra obtained with the Voyager DE-PRO MALDI-
TOF MS instrument were recorded in reflector mode
using an acceleration voltage of 20 kV, 16 kV grid
voltage, 0.1% guide wire, and 100 ns delay time. For
high-resolution MS and product-ion analysis, the spec-
tra were recorded with an Applied Biosystems/MDS
4800 MALDI-TOF/TOF MS using an acceleration voltage
of 20 kV and grid voltage of 16 kV in reflector mode and
using CID gas (air) in the MS/MS mode. For accurate
mass measurements, the instruments were calibratedwith
known standard (2,5-dihydrobenzoic acid, DHB) to obtain
a 5 ppm mass accuracy. The MS/MS measurements were
done with a 1 kV collision energy and a CID gas pressure
of 3.7 106 torr. Data were processed and analyzedwith
Data Explorer software (Applied Biosystems).
Results and Discussion
Optimization and Stability of Matrix-Encapsulated
Nanoparticle
The performance of the DHB@MNP was evaluated using
the organic acrylonitrile molecule, 2-[2,2]bithiophenyl-5-
yl-3-(4-diethylamino-phenyl)-acrylonitrile (C21H20N2S2,
0.5 ng,) (Table 1, Compound 1) as the first model
analyte. To achieve optimal ionization efficiency and
minimal background interference, the ratio of TEOS/
MNP (wt/wt), which would affect the amount of DHB
conjugation, was varied by changing the amount of
TEOS during the silane polymerization step. With the
change in TEOS/MNP ratio, a corresponding increase
in the DHB amount was estimated to be 914.2 nmol/
mg, 1314.5 nmol/mg and 1981.9 nmol/mg under the
three ratios of 3, 6, and 9 (wt/wt), respectively (sup-
porting information Table S-1). Moreover, the increase
or decrease in the TEOS/MNP ratio also adversely
affected the size and distribution of silane polymeriza-
tion on the iron oxide core nanoparticle (TEM, support-
ing information Figure S-2). As a consequence, high
ratio (9, wt/wt) caused suppression of the [M] by
TEOS/DHB derived background peaks, while low ratio
(3, wt/wt) lead to incomplete ionization of Compound
1 because of lower extent of DHB conjugation (as shown
in supporting information Figure S-3). It is noted that
with an 8.4% RSD routinely obtained, sample homoge-
neity is improved by DHB@MNP, verifying that the
different signal intensities obtained under different Ta su
p
S
o
T
ri
Li
g
1933J Am Soc Mass Spectrom 2010, 21, 1930–1939 DIHYDROBENZOIC ACID MODIFIED NANOPARTICLETEOS/MNP ratio is not caused by “sweet spot” effect.
Hence, an optimal TEOS/MNP ratio of 6 was used for
the fabrication of DHB@MNP. In addition, in routine
MALDI-TOF MS analysis, preparation of fresh matrix is
required to give optimal signals because synthesized
matrix maybe prone to degradation after storage for a
period of time. Therefore, the stability of DHB@MNP
was examined after 6 and 12 mo of storage in methanol
at 4 °C. As shown in supporting information Figure S-4,
the signal intensity of the molecular ion [M] was con-
served in all three spectra measured under identical
conditions, indicating stable performance of DHB@MNP
even beyond 12 mo of storage.
Soft and Enhanced Ionization by DHB@MNP
In general, the signal intensity in MALDI depends on
the choice of a good matrix that shows strong absorp-
Figure 1. The signal intensity of Compound
methods. (a) MALDI ionization with nanoparti
spectrum obtained by laser desorption ionization
ion. (b) MALDI ionization with the commercial
with 3-nitrobenzyl alcohol matrix. (d) Electrosp
ions; *  matrix ions.tion of laser energy and efficient proton transfer to the
analyte [32]. In DHB@MNP, various substances, includ-
ing the metal oxide core, SiO2 derived from silanation
on the MNP, and covalently surface-bound matrix
molecules, may contribute to the ionization of the
analyte to different extents [30]. Although DHB@MNP
contains multiple components to improve the detection
of the analyte, such efficient energy absorption and
transfer may also induce fragmentation of analytes with
fragile structures. Thus, we investigated the intriguing
interplay between ionization efficiency and the extent
of fragmentation of fragile analytes by employing a
direct laser desorption ionization (LDI), conventional
DHBmatrix, and DHB@MNPmatrix in MALDI-TOFMS.
Figure 1a revealed that MALDI ionization using
DHB@MNP produced only a sharp and intense molec-
ular ion peak [M], a dramatic reduction of matrix-
derived interferences along the low molecular weight
g/mL) generated by four different ionization
atrix (DHB@MNP). The insert shows the mass
ch was magnified 40-fold to show the molecular
matrix. (c) Fast atom bombardment ionization
nization. [M]  analyte ion; [F]  fragment1 (5 
cle m
, whi
DHB
ray io
1934 M.-C. TSENG ET AL. J Am Soc Mass Spectrom 2010, 21, 1930–1939range, and negligible fragmentation in contrast to the
other ionization methods (Figure 1b–d). Although
Compound 1 contains laser-absorbing aromatic struc-
ture, the intensity of the analyte ion produced by LDI
(the insert in Figure 1a) was significantly lower than
that in the presence of DHB@MNP. In conventional
MALDI ionization using the commercial matrix DHB
(Figure 1b), many DHB-derived peaks and strong frag-
ment ion signals interfere with the interpretation of the
spectral data. Likewise, fast atom bombardment (FAB,
Figure 1c) and electrospray (ESI, Figure 1d) ionization
methods resulted in abundant background ions from
either the glycerol-derived matrix peak or the impurity
ions present in the solvent (designated by *), respec-
tively. Such extensive fragmentation sometimes leads to
the disappearance of the molecular ion peak, causing
difficulty in obtaining accurate mass measurements.
Taken together, with the use of DHB@MNP, we
demonstrated relatively soft and enhanced ionization
for Compound 1 compared with the ESI, FAB, and
conventional MALDI methods. This improved ioniza-
tion performance may be due to the synergistic energy
absorbing effects of the magnetic nanoparticle, silane
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Figure 2. Comparison of background and fragm
sum of relative intensities of (a) DHB or DHB@
compounds tested in Table 1. The compound numbepolymerization, and the organic matrix on its surface,
resulting in efficient energy-transfer and relaxation for
soft ionization of the fragile analyte [33, 34].
General Applicability of DHB@MNP to Organic
and Inorganic Molecules
To evaluate the general applicability of the developed
matrix-free ionization material, we further used
DHB@MNP to analyze various types of organic and
inorganic analytes with diverse structures, including
inorganic light-emitting molecules, solar cell materials,
and dendrimers (Table 1, see structures in supporting
information Figure S-5). Each group consisted of several
compounds with the same core structure. These mole-
cules have been widely applied in material and biomed-
ical sciences, and they have inspired the development
of synthetic strategies.
For the analysis of 16 compounds, as expected, the
matrix-derived background intensity obtained by the
use of commercial DHB matrix results in 260-fold
higher than that of DHB@MNP (Figure 2a). More sig-
9 10 11 12 13 14 15 16
9 10 11 12 13 14 15 16
d number
nd number
Triazine Dendrimer Light Emitting Device
using DHB and DHB@MNP in MALDI MS. The
derived backgrounds and (b) fragments of thepoun
pou
ents
MNPr corresponds to those in Table 1.
1935J Am Soc Mass Spectrom 2010, 21, 1930–1939 DIHYDROBENZOIC ACID MODIFIED NANOPARTICLEnificantly, the DHB@MNP generated much softer ion-
ization; the total intensities of fragments from each
analyte reduced by 220-fold compared with the ana-
lyte fragment intensities obtained by using commercial
DHB (Figure 2b). In Table 1, the first group (Com-
pounds 1–8), consists of a series of dipolar dyes and
their precursors, containing a cyanovinyl (1–4) or a
pyrrole-based conjugate (5–8) linker, is used as dye-
sensitized solar cells (DSSCs) [35]. DHB@MNP allows
strong signals for most of the molecular ions in Com-
pounds 1, 2, 3, 4, 5, and 7 (100% relative intensities)
(Table 1). In the comparison to matrix-derived back-
ground signals, DHB@MNP produced fewer than five
matrix peaks (5% intensity), whereas the use of com-
mercial matrix resulted in 4–30 intense background
peaks for almost all of the compounds (5%–60% relative
intensities, the detail was in supporting information
Table S-2). Furthermore, compared with conventional
matrix DHB, the use of DHB@MNP produced signifi-
Figure 3. Comparison of MS/MS spectrum of
using the DHB@MNP matrix and the commercia
fragment peaks in the spectra correspond to the n
structure of Compound 1.cantly fewer fragment ions as shown in Figure 2b for
Compounds 1, 2, 5, and 6.
In the characterization of synthetic small molecules,
a molecular mass measured within accuracy better than
5 ppm is often sufficient to confirm the molecular
formula of a compound [36]. The results listed in Table
1 show that all of the molecular ions have 5 ppm
accuracy comparable to the theoretical mass. Further-
more, in Compound 8 (C37H42BrN), the isotopic distri-
bution of the bromine atom, 79Br and 81Br, was explic-
itly observed in the molecular ion peaks, [M79Br] and
[M81Br], and it closely resembles the predicted isotope
pattern (supporting information Figure S-6).
The second group (Compounds 9–12 in Table 1),
consisting of triazine-based dendritic nanomaterials, is
widely used in drug delivery and catalytic materials,
liquid crystals, and biosensors [37–39]. The third group
(Compounds 13–16 in Table 1), consisting of phospho-
rescent cyclometalated iridium complexes, has received
pound 1 ([M]  364.107, 5 g/mL) obtained
B matrix (insert). The assignments of the major
ering of the fragmentation pattern shown in theCom
l DH
umb
1936 M.-C. TSENG ET AL. J Am Soc Mass Spectrom 2010, 21, 1930–1939extensive attention for potential use in the fabrication of
organic light-emitting devices (OLEDs) due to its easy
preparation from iridium precursors and its high phos-
phorescence efficiency [40, 41]. We expected that using
the soft ionization of DHB@MNP to obtain accurate
masses of their intact structures would allow differen-
tiation of these synthetic variants. As shown in Table 1,
the observation of predominant molecular ions within
an accuracy of 5 ppm demonstrated the success and
general applicability of DHB@MNP for accurate mass
measurements of the two groups of materials with
negligible background or matrix-derived noise. Nota-
bly, the numbers of fragments were also reduced by
using DHB@MNP as the matrix, consistent with the
previous observation for group 1 (Figure 2b). In conclu-
sion, DHB@MNP-assisted MALDI-TOF MS provided
direct, soft, and accurate mass measurements for novel
organic and organometallic compounds.
Structural Characterization by Enhanced
Product-Ion Analysis
Novel matrix-free materials have been developed for
analysis of small molecules by MALDI, their perfor-
mances on product-ion analysis have lower sensitivity
than the use of conventional organic matrices [1, 2].
Therefore, we examined and compared the MS/MS
performance of DHB@MNP with DHB matrix for struc-
tural characterization of the thermally labile Compound
1. As shown in Figure 3, significantly comprehensive
product-ion spectra and stronger fragment peak signals
Figure 4. MALDI TOF/TOF spectrum of two
prometryn, obtained using DHB@MNP matrix. T
dissociation of the precursor ion to the major producwere generated with DHB@MNP (Figure 3), whereas
the commercial DHB matrix only produced few weak
fragment ions (the insert of Figure 3). DHB@MNP
yielded about 2-fold more intense molecular ion signal
(Figure 1a) than that produced using the commercial
matrix DHB (Figure 1b). However, such difference did
not fully account for the dramatically different extent of
fragmentation in Figure 3. We believe that these supe-
rior results may be due to both good ionization and
efficient energy absorption of the precursor ion in
DHB@MNP-assisted MALDI-TOF MS. As shown in
Figure 3, the fragmentation corresponds to the loss of
the first CH3 group [C20H17N2S2]
 (349 Da), and then
the ethyl group [C19H15N2S2]
 (336 Da). Subsequent
cleavage of the diethyl group on the amine allowed the
formation of the fragment ion [C17H11N2S2] (mass 307
Da). After cleavage of the dithiophene and diethyl-
amine groups, the final product, 3-phenyl-acrylonitrile
(128 Da), was observed. These results demonstrated
that DHB@MNP provided a better product-ion perfor-
mance than the use of commercial DHB.
Encouraged by the success of DHB@MNP in the
product-ion experiments, we then evaluated the perfor-
mance of DHB@MNP to differentiate the isomeric com-
pounds, prometryn and terbutryn as model analytes.
Monitoring of residual traces of these pesticides is
indispensable to evaluate their impact on human health
and the environment [42, 43]. For rapid identification of
two isomeric triazines, MALDI-TOF/TOF MS analysis
with DHB@MNPwas performed on the molecular ions of
terbutryn and prometryn at m/z 242 (insert in Figure 4).
ine isomers (5 g/mL), (a) terbutryn and (b)
serts show the precursor ion  [M  H]. Thetriaz
he int ion is shown below each spectrum.
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mentation assignments for terbutryn and prometryn, re-
spectively. A comparison of the product-ion spectra of
both compounds revealed that terbutryn showed
unique fragment ions at m/z 186 and 169 (Figure 4a),
corresponding to the loss of tert-butyl and tert-
butylamine groups, respectively (see fragment struc-
tures in supporting information schemes S-1 and S-2).
In contrast, the product-ion spectrum of prometryn
contained a unique fragment at m/z 200, corresponding
to the loss of one isopropyl radical, and leading to the
formation of the dealkylated derivatives. In addition,
other minor fragments atm/z 226, 212, 185, 157, 153, 110,
and 59 were uniquely observed in the product-ion
spectrum of prometryn (Figure 4b). Although prom-
etryn and terbutryn have the same precursor ion, they
were identified unambiguously by their unique product
ions.
The post-source-decay (PSD)-MALDI had been used
to characterize these two triazine isomers, and the
results showed similar fragmentation patterns for both
isomers, but only two characteristic ions at m/z 186 and
200 were observed to differentiate their structures [44].
Thus, we conclude that high-energy MALDI-CID com-
Figure 5. A group of 12 structurally similar gl
MS with the DHB@MNP matrix. [M  Na] and
fragment ions, respectively.bined with DHB@MNP facilitates refined fingerprint
identification of isomeric compounds by enhanced
product-ion fragmentation.
Rapid Screening of Glycolipid Library
We applied DHB@MNP to the rapid analysis of a small
library of twelve -galactosyl lipids [45, 46]. The struc-
tural difference among glycolipids is only in the lipid
moiety, which contains various saturated carbon
lengths (structures shown in supporting information
Figure S-7). Thus, it was impractical to use 1H NMR for
structure analysis, whereas mass analysis could provide
useful information on lipid length based on differences
in molecular weight. However, carbohydrates have low
protonation efficiency [25] and alkali metal salts
are often employed to facilitate ionization [47]. In
matrix@MNP-assisted MALDI-TOF MS analysis, de-
spite the low protonation tendency, as shown in Figure
5, all of these -galactosyl lipids exhibited clean mass
spectra displaying strong sodium-adducted molecular
ion peaks [M  Na], a characteristic set of mass
spectrometric signals exhibited by carbohydrates in
MALDI-TOF MS. Detection of alkali metal-adducted
pids (5 g/mL) were screened by MALDI-TOF
correspond to the sodium-adducted peaks andycoli
[F]
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such as Au nanoparticles [48], DIOS [49], carbon nano-
tubes [25], and matrix enhanced laser desorption/ion-
ization (MELDI) materials [50, 51]. In our approach, the
ability of DHB@MNP to efficiently enhance the signal of
glycolipids may be due to the incorporated residual
sodium ion from the washing step with NaOH during
DHB@MNP synthesis. Notably, all the spectra showed
excellent signal-to-noise ratios (30), and only a few
galactose-derived fragment ions were observed in Com-
pounds 1, 6, 9, and 11. Due to the rapid acquisition of
MALDI-TOF MS, the analysis of these 12 glycolipids was
completed within 10 min, including the matrix prepara-
tion, analyte/DHB@MNP deposition on MALDI plate,
and data acquisition.
Conclusions
In this study, we demonstrated the general applicability
of DHB@MNP as a background-free and soft ionization
matrix in the analysis of structurally diverse organic
and inorganic compounds with low molecular weight.
By the synergetic effects of energy-absorbing MNP and
surface DHB, the use of DHB@MNP allows soft and
enhanced ionization to obtain accurate mass measure-
ments of fragile compounds. The effect of the size,
TEOS/MNP uniformity, and distribution on the ioniza-
tion efficiency of DHB@MNP and their mechanism of
energy-transfer will be further investigated. In addition,
the unique features of DHB@MNP also lead to the
enhancement of fragment signals and superior frag-
mentation patterns in MS/MS mode for unambiguous
small molecule identification or structural elucidation
of isomeric compounds. These advantages, combined
with the automatic MALDI-TOF MS acquisition, make
DHB@MNP an attractive matrix for high-throughput
screening of novel materials. The sample preparation is
simple and similar to the standard MALDI procedure of
deposition on a regular MALDI sample plate. With the
advantages of long-term stability, simple and rapid
analysis, and automated high-throughput screening,
the matrix@MNP-assisted MALDI-TOF MS provides an
easy-to-use alternative that is potentially useful for
drug discovery, development, and quality control mon-
itoring in drug manufacturing. To further extend the
application of DHB@MNP, the fabrication of multifunc-
tional nanoparticles having both the matrix and extrac-
tion functionalities for small molecules is ongoing.
Homogeneous sample preparation with the nanopar-
ticle will require further studies for fast and accurate
quantification of small molecules.
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